We use newly developed methods of measuring spatial segregation across a range of spatial scales to assess changes in racial residential segregation patterns in the 100 largest U.S. metropolitan areas from 1990 to 2000. Our results point to three notable trends in segregation from 1990 to 2000: (1) Hispanic-white and Asian-white segregation levels increased at both micro-and macro-scales; (2) black-white segregation declined at a micro-scale, but was unchanged at a macro-scale; and (3) for all three racial groups and for almost all metropolitan areas, macro-scale segregation accounted for more of the total metropolitan area segregation in 2000 than in 1990. Our examination of the variation in these trends among the metropolitan areas suggests that Hispanic-white and Asian-white segregation changes have been driven largely by increases in macro-scale segregation resulting from the rapid growth of the Hispanic and Asian populations in central cities. The changes in black-white segregation, in contrast, appear to be driven by the continuation of a 30-year trend in declining micro-segregation, coupled with persistent and largely stable patterns of macro-segregation.
Introduction
Residential segregation between white and black individuals has been declining for decades, while white-Hispanic and white-Asian segregation have slowly increased, particularly in metropolitan areas with growing Hispanic and Asian populations, respectively. On this, evidence is generally clear. Less clear, however, is the extent to which the trends are due to changes in macro-and/or micro-scale residential patterns within metropolitan areas. It is not obvious, for example, whether the changes in segregation levels are due to changes in the extent of block-to-block variation in racial/ethnic composition or to changes in the size and homogeneity of relatively large ethnic enclaves and racially identifiable regions of metropolitan areas.
In this paper, we use newly developed methods of measuring spatial segregation Reardon and O'Sullivan, 2004) to investigate how the geographic scale of racial residential segregation patterns in U.S. metropolitan areas has changed from 1990 to 2000. By geographic scale (or simply scale, for shorthand throughout the paper), we mean to refer to the dimensions of identifiable social or physical features of a landscape (Smith, 2000) . With respect to residential segregation, racial patterning may be evident at geographic scales ranging from thousands of kilometers (think of the concentration of the U.S. black population in the Southeast) to less than a kilometer (block-to-block variation in racial composition). Because of this ''inherently scalar nature" of segregation (Kaplan and Holloway, 2001, p. 61) , there is no single geographical scale of segregation-no one 'right' scale at which to measure it . Moreover, the scale at which segregation is measured will determine the extent of segregation observed-a measure of the variation in racial composition among street blocks will not reveal the extent to which racial composition varies among regions of the country; likewise, a measure of the variation in racial composition among regions will not reveal the extent to which the average block differs from the next. Because most (though not all) prior studies of patterns and trends in racial segregation have analyzed segregation measured at the scale of the census tract (or block group, in some cases), we have relatively little information regarding the extent of segregation at different geographic scales.
This paper proceeds as follows. In the first section, we briefly review existing research on the trends in racial segregation in U.S. metropolitan areas in recent decades. In the second section, we describe the methods and data we use to investigate trends in racial segregation at multiple scales. In the third section we report the average 1990 and 2000 segregation levels over a range of scales for the 100 largest metropolitan areas in the U.S. Given the trends evident from this analysis, we then investigate the extent to which these patterns can be explained by changes in a set of demographic and structural characteristics. In the final section, we conclude with a discussion of our findings and their implications for future research.
Prior research on trends in racial residential segregation
A relatively large body of research has examined trends in residential racial/ethnic segregation patterns over the last few decades. This research varies in the units of analysis (metropolitan areas, cities, counties), the group comparisons of interest (e.g., black-white segregation vs. black-non-black segregation), and the dimensions of segregation (e.g., evenness or exposure) examined. We focus here on research that examines metropolitan area black-, Hispanic-, and Asian-white segregation, using measures of evenness.
A set of studies examining trends in black-white residential segregation from 1980 to 2000 has consistently found evidence of a two-decade (or longer) decline in segregation among census tracts, despite the fact that the studies rely on different samples of metropolitan areas and different measures of segregation (see, for example, Charles, 2003; Farley and Frey, 1994; Frey and Farley, 1996; Frey and Myers, 2005; Glaeser and Vigdor, 2001; Iceland et al., 2002; Logan, 2001; Logan et al., 2004) . Generally, these studies find black-white segregation declined at a moderate rate through the 1980s and 1990s, yet remains very high in many metropolitan areas. It is important to note, however, that although segregation declined, on average, in metropolitan areas during the 1980s and 1990s, changes were not uniform among metropolitan areas, many of which experienced only slight changes in segregation. Large metropolitan areas with substantial black populations remain highly segregated while metropolitan areas with smaller black populations have experienced increased integration.
With regard to Hispanic-white residential segregation, most studies report either no change or a small increase, on average, in segregation between 1980 and 2000 (Charles, 2003; Frey and Myers, 2005; Iceland, 2004; Iceland et al., 2002; Logan, 2001) , though Hispanic-white segregation levels remain well below black-white segregation, on average. Nonetheless, there is considerable variation among metropolitan areas in trends in racial segregation. Several studies note that Hispanic-white segregation grew most rapidly from 1980 to 2000 in metropolitan areas with initially small, but rapidly growing, proportions of Hispanics, a pattern that presumably results from the formation and expansion of enclave communities (Frey and Myers, 2005; Iceland, 2004; Logan, 2001) .
Most studies of Asian-white residential patterns find trends similar to those of Hispanic-white segregation: small or insignificant average changes in segregation from 1980 to 2000 (Iceland et al., 2002; Logan, 2001) , though there are some differences among studies. Charles (2003) reports a modest average increase in Asian-white segregation from 1980-2000 in the 50 largest metropolitan areas. Likewise, Iceland (2004) finds that Asian segregation increased slowly from 1980 through 2000, but he measures Asian segregation from non-Asians, and so confounds Asian-white segregation with Asian-black and AsianHispanic segregation. In contrast, Frey and Myers (2005) find that Asian-white segregation at the block-group level declined during the 1990s, on average, though these declines were less evident in large metropolitan areas and metros with the largest Asian populations, a finding that is relatively consistent with other work.
The slight discrepancies among studies regarding the direction and magnitude of trends in segregation, especially with regard to Hispanic-white and Asian-white segregation, are generally attributable to minor methodological differences among the studies. For example, studies examine different samples of metropolitan areas or use metropolitan area definitions from different census years. The samples used generally include either all metropolitan areas defined in a given year, only a group of the largest metropolitan areas, or a selection of metropolitan areas that meet some racial ethnic composition criteria. In addition, while most studies rely on census tract data, some rely on block group data (for example, Frey and Myers, 2005) . Since segregation trends may differ by spatial scale, disagreements about trends in segregation may be partly due to the use of different levels of data aggregation. Finally, studies use different measures of segregation, such as the dissimilarity index or the information theory index.
1 Nonetheless, there is a clear consensus in the literature that metropolitan area black-white segregation among 1 In addition, some studies use measures of exposure, such as the isolation index, and/or measures of clustering, centralization, and concentration, but we do not include these in our review here.
census tracts declined from 1980 to 2000, while Hispanic-white and Asian-white segregation increased slightly, particularly in smaller metropolitan areas with rapidly growing proportions of Hispanics and Asians, respectively. While national-level and large-sample averages provide broad generalizations about the direction of segregation trends, they tell us little about how these trends vary among metropolitan areas of different types. In the case of black-white segregation, levels tend to be highest in metropolitan areas with large populations and a high proportion of black residents (Farley and Frey, 1994) . In addition, segregation is lower, on average, in areas where black income levels are closest to whites (Logan et al., 2004) . The sharpest declines in segregation in the 1990s occurred in areas with significant overall population growth and also in places where the black population was either increasing or decreasing (Glaeser and Vigdor, 2001 ). In addition, multiethnic areas have lower average levels of black-white segregation (Farley and Frey, 1994) and experienced large declines in segregation over the 1990s, possibly because Asian and Hispanic populations provide ''buffers" to historical patterns of black-white segregation (Iceland, 2004) .
Some of the same metropolitan characteristics are associated with levels of Hispanic-white segregation, although there is far less research here. Segregation levels are higher in large metropolitan areas with a high proportion of Hispanic residents (Iceland et al., 2002) . In the 1990s, increases in segregation were greatest in large urban areas experiencing rapid Hispanic population growth (Logan, 2001; Massey, 2001 ) and decreases were evident in cities where Hispanics had a higher relative income as compared to whites (Frey and Myers, 2005) . The same studies observe nearly identical relationships for Asianwhite segregation-areas experiencing rapid immigration and consequent growth in the Asian population exhibit increasing levels of Asian-white segregation. Paralleling black-white segregation, these factors might indicate either self-segregation of whites from a growing minority presence or, conversely, a heightened tendency for minority groups to settle in established racial/ethnic enclaves.
The geographic scale of racial segregation
Residential segregation is an inherently spatial phenomenon. While the extent of spatial proximity of members of different population groups does not alone determine patterns of social interaction and access to spatially located social resources, it certainly serves as an important facilitator or constraint. Individuals who live far from one another are much less likely to have face-to-face interactions, utilize the same social institutions (schools, child care centers, parks, medical facilities, etc.), and encounter the same social and environmental conditions in their neighborhoods than are individuals who live near one another. Moreover, the likelihood and extent of social interaction and exposure to shared institutional and social conditions certainly increases with increasing spatial proximity. Thus, any understanding of the causes, patterns, and consequences of residential segregation must account for the extent of spatial proximity among members of different groups.
Proximity is, of course, a matter of degree, not a binary condition. Any description of one's local environment-and the opportunities and constraints it creates-depends on the choice of a relevant geographic scale. The racial or socioeconomic composition of the population within one's immediate neighborhood may be quite different than the composition of the population within a larger region around one's home. As a result, the segregation among micro-neighborhoods is typically much higher than the segregation among larger macro-neighborhoods (Cowgill and Cowgill, 1951; Duncan and Duncan, 1955; Iceland and Steinmetz, 2003; Taeuber and Taeuber, 1969; Van Valey and Roof, 1976; Wong, 2004) . Implicitly, then, any effort to measure and describe patterns of segregation depends on the choice of a geographical scale. Likewise, attention to the geographic scale of segregation patterns is necessary to understand both the causes and consequences of residential segregation.
2
Most prior studies investigate segregation among census tracts, block groups, or blocks, implicitly limiting their investigation of segregation to the (somewhat arbitrary) scale of census geography. Several recent studies, however, offer suggestive evidence that points to variation in the magnitude and direction of changes in segregation at different scales. Massey and Hajnal (1995) examine trends from 1900 to 1990 in black-white segregation at several geographic 'scales': betweentracts/wards, between-cities, and between-counties. They find that segregation between tracts/wards increased from 1900 to 1970, and then began declining after 1970; segregation between cities, in contrast, increased from and then remained stable between 1980 and 1990. These long-term trends indicate that, since 1970, perhaps, segregation at the scale of the city has been an increasingly dominant component of black-white segregation. Likewise, Fischer and colleagues decompose segregation levels into components corresponding to different geographic scales, and find that the contribution of between-tract segregation to total segregation has declined over recent decades, while the contribution of between-place (cities and towns) segregation has remained relatively stable (for black-other segregation) or increased slightly (for Hispanic-other segregation) (Fischer et al., 2004) . More recently, Farrell decomposes changes during the 1990s in metropolitan area multiracial segregation into components between and within cities and suburban municipalities. He finds that segregation within cities declined sharply, segregation within suburban municipalities declined slightly, segregation between cities and suburbs was unchanged, and segregation among suburban municipalities increased (Farrell, 2008) . Finally, Reardon et al. (2000) find that racial school segregation between school districts grew in the 1990s while segregation within districts declined. Each of these studies indicates the trend toward increasing dominance of macro-scale over micro-scale residential patterns in shaping segregation levels, though none uses explicitly spatial measures of segregation or uses consistent definitions of geographic scale (tracts, school districts, and cities vary widely in spatial size).
3
The lack of detailed information on the patterns and trends in segregation at a range of geographic scales is due to the fact that most existing studies rely primarily on aspatial measures of segregation-measures that were developed prior to the availability of geographical information system (GIS) software and that consequently do not fully account for spatial distributions of race and poverty (for discussion and exceptions, see Dawkins, 2006; Grannis, 2002; Reardon and O'Sullivan, 2004; White, 1983; Wong, 1997 Wong, , 1999 Wong, , 2004 . Reliance on aspatial measures has two principal drawbacks: first, it ignores the proximity of census tracts to one another; and second, it results in segregation measures that are sensitive only to segregation at the (arbitrary) geographic scale of census tracts (or blocks, etc.).
The first limitation has been much remarked on, and a number of measures have been proposed to address this problem (Jakubs, 1981; Massey and Denton, 1988; Morgan, 1983a Morgan, , 1983b Morrill, 1991; White, 1983; Wong, 1993 Wong, , 2004 . The second drawback-the fact that most methods of measuring segregation (and hence, of assessing its causes and effects) are insensitive to scale-means that they cannot detect patterns of segregation that occur at scales larger and/or smaller than census tracts or blocks. However, with the advent of better tools for spatial analysis, including GIS software, White (1983) and, more recently, Wu and Sui (2001) , Jargowsky and Kim (2004) , and Reardon and colleagues Reardon et al., 2008; Reardon and O'Sullivan, 2004) have developed methodological approaches that yield scalable measures of residential segregation, although these measures have not yet been widely used. In particular, spatial segregation measures have not been used to investigate issues of geographic scale in segregation, despite the fact that some are tailor-made for such analyses.
Data and methods
Several stylized examples illustrate our approach to investigating the geographic scale of segregation. Fig. 1 provides stylized examples of spatial variation in racial composition in two hypothetical regions (space is compressed here to a single dimension on the x-axis for simplicity). In Region A, racial composition varies considerably over both large and small distances. This is described in the graph by large vertical changes over both small (for example, 2 km) and large (for example, 32 km) increments on the x-axis. Examples of metropolitan areas with patterns similar to this are New York, Baltimore, and Philadelphia, each of which is characterized by a concentration of the black population in large regions (for example, Queens, the Bronx, and much of Brooklyn in New York) and also by considerable block-to-block variation in racial composition within the region (think of the variation in racial composition among adjacent neighborhoods in Brooklyn, for example). In such metropolitan areas, variation among blocks in racial composition is the result of both large-and small-scale racial patterning.
In Region B, racial composition varies over large distances to the same extent that it does in Region A, but varies much less over short distances, which is evidenced by smaller changes in percentage black over short increments on the x-axis. Los Angeles, St. Louis, Chicago, and Atlanta are examples of this type of pattern. Just as in New York, each of these is characterized by the concentration of the black population within large regions. In contrast, however, these metropolitan areas have little variation in the racial composition of blocks over short distances (the black proportion of residents is generally uniformly high in the South and West sides of Chicago or in South Los Angeles, and is uniformly low elsewhere in each metropolitan area).
3 It is worth noting that the trend toward the increasing dominance of macro-over micro-scale racial segregation is not mirrored in trends in income segregation, where the long-term trends suggest the increasing dominance of micro-over macro-scale segregation (Massey and Fischer, 2003) . If we measured segregation among very small neighborhoods-say neighborhoods defined as 500 m in radius-in both A and B, we would find that B is less segregated than A. If, however, we measured segregation among larger neighborhoodssay, neighborhoods of 4 km radius or larger-we would find that segregation levels in A and B were similar. This is because defining neighborhoods as 4 km in radius effectively smoothes out all variation in neighborhood racial composition at smaller geographic scales. Thus, segregation measured among 4 km radius neighborhoods would only capture variation at that scale or larger, and A and B are similar in their patterns of large-scale variation in racial composition. These results are illustrated in Fig. 2 , which shows stylized ''segregation profiles" (see Jargowsky and Kim, 2005; Reardon et al., 2008) for regions A and B. In these figures, segregation is plotted for a range of radii of neighborhoods. Segregation in B is lower than in A at radii less than in 4 km, which reflects the fact that the difference between A and B is entirely due to segregation patterns at geographic scales smaller than 4 km. Fig. 3 illustrates segregation profiles for three metropolitan areas-New York, Los Angeles, and Pittsburgh-in order to make these stylized patterns described above more concrete. A comparison of the segregation profiles for New York and Los Angeles, for example, indicates a pattern similar to the comparison of regions A and B above. In New York, for example, segregation measured using a 500 m radius definition of neighborhood yields a white-black segregation level of 0.67, while in Los Angeles the corresponding level is 0.53. 4 Segregation measured using a 4000 m radius, however, yields similar levels in New York (0.41) and Los Angeles (0.43). In other words, both New York and Los Angeles are characterized by similarly high levels of macro-scale black-white spatial patterns, but New York has much more variation in racial composition over short distances than does Los Angeles. A second set of stylized examples, shown in Fig. 4 , illustrates a different set of patterns. Region A is the same as in Fig. 1 , but Region C represents a new pattern where racial composition varies less over long distances. Region C differs from Region A primarily in the extent of large-scale segregation patterns-racial composition in C varies less over long distances than in A, but the small-scale variation in C is similar to that in A. A good example of such a pattern is found in Pittsburgh, where there is considerable variation over short distances in the racial composition of neighborhoods, but little overall pattern of concentration of the black population in one area of the region. Because of these differences, if we measure segregation among very small neighborhoods (500 m radius, for example), we would find that C is less segregated than A. We would find the same if we measure segregation using larger neighborhoods (4 km radius, for example). Indeed, continuing with our example, Pittsburgh has a 500-m white-black segregation level of 0.51, and a 4000 m level of 0.26, both much lower than the corresponding figures for New York (see Fig. 3 above). In both New York and Pittsburgh, however, the contribution to segregation due to small-scale variation in racial composition (i.e., the difference between segregation measured using 4000 vs. 500 m radii neighborhoods) is the same (0.25); they differ only because New York has substantially more large-scale racial patterning than Pittsburgh. Fig. 5 illustrates this, showing stylized segregation profiles for regions A and C. At any radius up to 4 km, segregation in C is lower than in A, which reflects the fact that the difference between regions A and C is in the extent of macro-scale variation in racial composition. Put differently, all of the difference in micro-environment (500 m radius) segregation between A and C (or between New York and Pittsburgh) is due to differences in macro-environment (4 km radius) segregation.
Figs. 1-5 together illustrate that a difference between regions in segregation among small local environments may be due to micro-and/or macro-scale segregation differences. The recent declines in tract-level white-black segregation reported in prior research, for instance, may be due to declines in macro-scale black-white segregation (i.e., segregation patterns may have changed from resembling those in Region A to those in Region C in Fig. 4 ) and/or to declines in micro-scale segregation (i.e., as in the difference from Region A to B in Fig. 1 ). Likewise, increases in tract-level white-Hispanic segregation may result from a change like that from B to A (Fig. 1) or from C to A (Fig. 4) .
Data
In this paper, we describe patterns of change in segregation for the 100 most populous metropolitan areas (as of the 2000 census) in the U.S.
5 Data are derived from block-level race counts 6 from Summary Tape File 1 and Summary File 1 of the 1990 and 2000 censuses, respectively. Metropolitan area definitions change with each Census, so to ensure that we are comparing segregation across constant regions from 1990 to 2000, we use the same metropolitan area boundaries for both years. Specifically, we use OMB 2003 metropolitan area definitions (which are the first set of metropolitan area definitions based on the 2000 census). 7 In the 2003 metropolitan area definitions, 11 very large metropolitan areas are subdivided into multiple metropolitan area divisions; in these cases, we consider each metropolitan area division as a distinct metropolitan area. We measure segregation using the spatial information theory index Reardon and O'Sullivan, 2004 ), a spatial analog of the Theil information theory index (Theil, 1972; Theil and Finezza, 1971) . This index enables us to measure segregation at a range of spatial scales, and from this to construct a 'segregation profile' (like those shown in Figs. 2 and 3 and Fig. 5 ) that describes the relationship between spatial scale and segregation levels .
8 This approach enables us to distinguish residential segregation patterns that differ in scale as well as in level, as described above. More specifically, they enable us to determine how segregation patterns change over time at different spatial scales. Below we briefly describe the computation and interpretation of the spatial information theory index and the segregation profile; more detail is available in the Appendix and elsewhere Reardon and O'Sullivan, 2004) .
The spatial information theory index
The spatial information theory index and related spatial segregation measures are based on the understanding that a racial segregation index is a measure of the extent to which the local environments of individuals differ in their racial composition (Reardon and O'Sullivan, 2004) . We operationalize this approach by treating each individual as inhabiting a 'local environment' whose population is made up of the spatially weighted average of the population at each location in the region of interest. Note that these 'local environments' are conceived as overlapping egocentric environments, rather than discrete spatially bounded neighborhoods (as defined by census tracts, for example). Typically, the population at nearby locations will contribute more to the local environment of an individual than will more distant locations (sometimes termed a 'distance-decay' effect). Given a particular spatial weighting function, we measure segregation by computing the spatially weighted racial composition of the local environment of each person in the study region and then examining how similar, on average, are the racial compositions of all individuals' local environments to the overall composition of the study region.
9
If each person's local environment is relatively similar in composition to the overall population, there is little spatial segregation; conversely, if there is considerable deviation from the overall composition, there is high spatial segregation. One key feature of this approach that makes it useful for investigating issues of scale is that the spatial weighting can accommodate any desired size of local environment, simply by altering the proximity metric used in the spatial weighting.
10 A brief description of the computational algorithms we use is in the Appendix; more detail is available elsewhere Reardon and O'Sullivan, 2004) .
5 These 100 metropolitan areas together were home to 173 million residents in 2000, 62% of the U.S. total population, including 70% of non-Hispanic Blacks (23.6 million); 78% of Hispanics (27.6 million), and 89% of Asians (9 million). The metropolitan areas range in population from 11.3 million (New York-White Plains, NY-NJ) to 561,000 (Scranton-Wilkes-Barre, PA). 6 We use four mutually-exclusive race/ethnic groups for the analyses reported here: white, not Hispanic; Black, not Hispanic; Asian, not Hispanic; and Hispanic, any race. We drop all other categories, including those reporting more than one race (in 2000) . Note that because we use total population counts by race/ethnic group from Summary File 1, our counts include both institutionalized and non-institutionalized populations. Restricting our analyses to noninstitutionalized populations would require using the population counts from Summary File 3, which are not available at geographies lower than the block group level. Block-level population counts and block boundaries/shapefiles are obtained from GeoLytics (GeoLytics, 2003a,b) . 7 Obtained at http://www.census.gov/population/estimates/metro-city/03msa.txt. Population counts for metropolitan areas and divisions are obtained at http://www.census.gov/population/www/cen2000/phc-t29.html (Table 3a) . 8 We use the spatial information theory index for several reasons. First, it is a measure of spatial evenness (unlike, for example, the so-called spectral segregation index of Echenique and Fryer, 2005) . Second, it does not rely on contiguity patterns among arbitrarily-shaped census areal units for its computation, unlike some other spatial measures (Echenique and Fryer, 2005; Jargowsky and Kim, 2005; Wong, 1993 Wong, , 2002 Wong, , 2003 Wong, , 2004 Wu and Sui, 2001) . And third, among the set of proximity-based spatial measures described by Reardon & O'Sullivan, it has the most desirable set of mathematical properties (Reardon and O'Sullivan, 2004) . 9 As in other studies of segregation between two population groups, we consider only the population counts of the two groups in computing the racial composition of local environments and the study region. In computing black-white segregation, for example, we ignore racial groups other than black and white. 10 In this paper, we rely on a spatial proximity function defined by Euclidean distance between two locations. More generally, however, one could define proximity as some (empirically or theoretically derived) function of distance, intervening population density, transportation time, physical barriers, etc. A comparison of segregation levels computed among local environments defined by these different metrics might be very useful for understanding the social processes that produce segregation and its consequences. At present, however, the computation of segregation measures using metrics other than simple distance is much more computationally demanding than current software enables.
Interpreting the spatial information theory index and the segregation profile
The spatial information theory index can be interpreted as a measure of the extent to which the racial diversity of individuals' local environments differs, on average, from the diversity of the region as a whole (for discussion of the interpretation of the information theory index, see James and Taeuber, 1985; Reardon and Firebaugh, 2002; Reardon and O'Sullivan, 2004; Theil, 1972; Theil and Finezza, 1971; Zoloth, 1976) . The value of the index ranges between zero-indicating no segregation (each person's local environment has a racial composition identical to that of the region as a whole)-and one-indicating complete segregation (each person's local environment is monoracial). In the limiting case, as the size of the local environments among which segregation is measured is made arbitrarily small, the index will approach 1, the maximum possible segregation. To see this, consider that at an arbitrarily small size, the local environment of each location consists only of that location. If each location were a household, for example, then segregation at this minimal scale would be equal to the segregation among households, which would be very close to 1 in most regions of the U.S. (since most households are monoracial). At the other extreme, as the size of local environments among which segregation is measured becomes arbitrarily large, the index will approach zero. At an arbitrarily large size, the local environment of any location will include all other locations, and all points will be equally proximal to one another. In this case, the racial composition of all local environments will be the same, so segregation will be zero.
In between these two extremes, of course, segregation may take on any value, though it will, in general, be a non-increasing function of local environment scale.
11 The 'segregation profile' constructed by plotting segregation level against scale describes both the absolute level of segregation at any scale and the rate of change of segregation level with scale. For each metropolitan area, we compute the level of segregation at each of four scales (using local environments with radii of 500, 1000, 2000, and 4000 m) and a measure of the slope of the profile-the ratio of segregation measured using a 4000-m radius definition of the local environment to segregation measured at a 500-m radius (H 4000m /H 500m ). This ratio-which we term the macro-micro segregation ratio-describes the extent to which micro-environment segregation (segregation when we use a small radius to define local environments) is due to patterns of macro-environment segregation . Macro-micro segregation ratios will range between zero and one, with ratios close to one indicating that most of the observed segregation among individuals' local micro-environments is due to large-scale patterns of segregation, and ratios close to zero indicating that little of the micro-segregation is due to macro-segregation. Because the spatial information theory index uses a well-defined and consistent definition of the 'local environment,' measured segregation levels using it do not correspond exactly to levels obtained from an aspatial measure relying on census tracts, which are arbitrary in shape and vary widely in size. That said, previous work shows that segregation measured among census tracts corresponds roughly to spatial segregation measured using a biweight proximity function with radius of 1000 m . Thus, the range of scales we examine (500-4000 m) encompasses scales both smaller and larger than the typical census tract.
Our aims in this paper are primarily descriptive. Our first aim is to describe the overall trends from 1990 to 2000 in racial segregation at multiple geographic scales. Our focus is on the segregation of black, Hispanic, and Asian residents from non-Hispanic whites, as these are the dominant patterns of segregation in the U.S. Second, we examine trends in the macro-micro segregation ratio. Together, these two sets of results address the question of to what extent the trends in racial segregation described in much of the literature are due to changes in macro-segregation. Finally, we present a set of descriptive regression analyses designed to investigate the relationship between changes in the geographic scale of segregation and changes in a small set of metropolitan area structural characteristics that have been shown to be associated with residential segregation in past research. Table 1 reports average levels of segregation in 1990 and 2000, measured at geographic scales ranging from 500 to 4000 m radii, for each of the three racial/ethnic groups (see also Fig. 6 ). As expected, the downward slopes of the segregation profiles reveal that segregation is more acute among micro-scale environments than among macro-scale environments. Likewise, consistent with prior research, we observe that average segregation levels are highest between blacks and whites, and lowest between Asians and whites, regardless of geographic scale.
Results

Changes in segregation levels, 1990-2000
The trends in segregation from 1990 to 2000, however, differ substantially among the three race groups. Average blackwhite segregation, for example, declined at small geographic scales, but remained stable at the 4000-m radius scale. This implies a change in residential patterns similar to the stylized change from Region A to B above (see Fig. 1 ). Hispanic-white and Asian-white segregation, in contrast, increased at both micro-and macro-environment scales, implying a change similar to that from Region C to A above (see Fig. 4 ). The average changes in segregation were modest in size in absolute terms, 12 but 11 Reardon and O'Sullivan (2004) note that it is mathematically possible that measured segregation could increase with scale, but only under conditions that are theoretically unreasonable and empirically unlikely. Likewise, it is mathematically possible that measured segregation can take on a value less than zero, in the case of ''hyper-integration," but, again, the conditions for this are not empirically observed. 12 Reardon and Yun (2001) suggest that a change in the information theory index of .05 should be considered a sizeable change.
sizeable in comparison to the standard deviation of segregation levels in 1990. For example, the average decline in black-white segregation at the 500-m scale (À.036) is equal to about one-quarter of the standard deviation of segregation levels in 1990 Local Environment Radius (m) Black-White, 1990 Black-White, 2000
Hispanic- White, 1990 Hispanic-White, 2000
Asian- White, 1990 Asian-White, 2000 (SD = .15); the increases in Hispanic-white segregation at 500 and 4000 m are each equal to roughly three-eighths of a standard deviation; and the increases in Asian-white segregation at 500 and 4000 m are equal to roughly one-third and three-fifths of a standard deviation, respectively. For all three groups, the average macro/micro segregation ratio increased substantially from 1990 to 2000. In the case of black-white segregation, the macro/micro ratio increased by an average of .043 (SE = .005, p < .001) points, from .567 to .611. Thus, by 2000, macro-level patterns accounted for over 60 percent of the black-white segregation observed at the micro-level. The average increases in Hispanic-white and Asian-white segregation were roughly constant in size across the range of scales, which means that the increase in segregation of these groups was driven largely or entirely by increases in macrosegregation. This pattern is evident in the increase in the macro/micro segregation ratio for Hispanic-white segregationwhich increased by .057 (SE = .006, p < .001), from .469 to .526-and for Asian-white segregation-which increased by 0.071 (SE = .007, p < .001), from .405 to .476. For all three groups, a larger proportion of micro-scale segregation was due to macro-scale patterns of segregation in 2000 than in 1990.
Summary of trends in the scale of segregation
As we noted above, prior research has generally found that Hispanic-white and Asian-white segregation were stable or slowly increasing during the 1990s. We find that both Hispanic-white and Asian-white segregation have increased modestly, on average, over the range of scales we examine. The increases in segregation that we observe are slightly larger, on average, than those reported by other studies. These disparities are likely due to differences between our sample and definitions of metropolitan areas and those used in prior research.
13 Several prior studies find that the largest metropolitan areas with significant populations of Hispanics or Asians tended to experience small increases in segregation during the 1990s, or smaller declines than other metropolitan areas. This pattern is consistent with our finding of average increases in segregation among our sample of 100 large metropolitan areas. We find that black-white segregation declined from 1990 to 2000 at small scales. Lee et al (2008) show that segregation at the census tract level corresponds roughly to segregation at a 1000-m radius, so our results correspond to prior research showing a decline in tract-level black-white segregation. We also find, however, that black-white segregation at the 4000-m macro-scale did not decline, on average, from 1990 to 2000. This indicates that the declines in black-white segregation observed in tract-level analyses are the result of local processes of residential integration (nearby neighborhoods became more racially similar to one another during the 1990s) rather than any large-scale redistribution of black and white populations. This has potentially important implications for conclusions regarding the effects of reduced residential segregation, since the well-documented decline in black-white segregation is likely only to affect social processes and outcomes that depend on highly localized residential contexts.
The one pattern that is most consistent across black-, Hispanic-, and Asian-white segregation is the trend toward the increasing importance of macro-scale segregation. For all three groups, macro/micro segregation ratios increased substantially during the 1990s. Segregation patterns in these 100 largest metropolitan areas are becoming characterized more by large-scale racially identified areas and less by patterns of variation in the racial composition over short distances. Moreover, this trend is almost universal in our sample of metropolitan areas: the black-, Hispanic-, and Asian-white segregation ratios increased in 88, 88, and 87 of the 100 metropolitan areas in our sample, respectively.
The consistency of this trend raises an obvious question: why might we observe a trend toward the increasing importance of macro-scale segregation patterns in shaping local environments? While our primary goal in this paper is descriptive, we offer several suggestions for this trend.
Perhaps the most obvious possible explanation is that patterns of macro-scale racial segregation are harder to change than micro-segregation patterns, particularly in the absence of large-scale population changes. Given a stable population, segregation can only be changed by the movement of individuals within a metropolitan region. Because short-distance moves are both more common, particularly for low-income families, and are likely to affect micro-more than macro-segregation, we might expect more rapid changes in micro-segregation when population demographics are relatively stable. Likewise, processes such as neighborhood gentrification may create more integrated neighborhoods in transitional areas between regions with very different racial compositions, but may have little or no effect on more macro-scale residential patterns. When a population changes rapidly (e.g., because of extensive immigration of Hispanics into a metropolitan area), however, segregation patterns may change not only because of internal residential moves, but also because of where new residents settle. Thus, we might expect that macro-scale segregation patterns will change more when population demographics (population size, proportion of the minority group, and proportion of immigrants) change rapidly. In particular, we might expect that macro-scale segregation and the segregation ratio will increase as a result of increases in these factors.
Segregation patterns may also be affected by aggregate changes in the relative income of two groups. If large racially identifiable ''ghettos" are due to income differences between white and non-white households, then the growth of minority households' income relative to white household incomes may lead to a decline in macro-scale segregation levels as upwardly mobile minority households expand their housing options. In addition, the geographic scale of segregation may be affected by changes in suburbanization patterns. By definition, the more concentrated minorities are in central cities, the greater the extent of macro-scale segregation. As minority/white suburbanization ratios increase (i.e., as minorities become less disproportionately concentrated in central cities), we expect that macro-segregation will decline. Such a decline would typically be manifest in less sharp racial disparities among central cities, their inner-ring suburbs and their outlying suburban and exurban communities.
Together, these hypotheses suggest that we ought to observe the largest increases in macro-scale segregation in metropolitan areas with rapidly growing populations, increasing shares of the relevant minority group, declining relative incomes for minorities, and increasing concentrations of minority groups in central cities. Moreover, since each of these factors is likely to affect macro-scale segregation patterns rather than more localized patterns of variation in racial composition, we expect to observe the largest average increases in the macro/micro segregation ratio in such metropolitan areas as well.
Explaining changes in segregation, 1990-2000
In order to test the above hypotheses, and as a preliminary investigation of the extent to which changes in the geographic scale of residential segregation are associated with structural and demographic trends in metropolitan areas, we fit a set of simple descriptive regression models. Specifically, we regress 1990-2000 changes in segregation on corresponding changes in a set of demographic and structural covariates.
14 These covariates include percentage changes in a metropolitan area's population size, group-specific population share (i.e., in models predicting changes in black-white segregation we include the percentage change in proportion black in the model), and in its foreign-born population share. 15 Because suburbanization is likely to affect the geographic scale of segregation, we include the percentage change in suburbanization rate (the proportion of the population living outside each metropolitan area's principal cities), and the group-specific suburbanization ratio (the ratio of each group's suburban proportion to that of non-Hispanic whites). Finally, we include the percentage change in the groupspecific per capita income ratio (the ratio of each group's per capita income to that of non-Hispanic whites). Table 2 provides descriptive statistics for the metropolitan area covariates we use in the analysis. The 100 metropolitan areas, on average, experienced rapid growth of their Hispanic, Asian, and foreign-born population shares, compared to much more modest growth rates of their Black population shares. On average, there was a slight increase in the black-white income ratio during the 1990s in these 100 metropolitan areas, but a substantial decrease (À14 percentage points) in the Hispanic-white income ratio over the same period. Finally, black suburbanization increased faster than white suburbanization, on average, during the 1990s, while Hispanic suburbanization rates lagged those of whites. Table 3 presents estimates from three regression models for each of the three racial contrasts (Black-white, Hispanicwhite, and Asian-white). In the first and second models for each racial contrast, the outcome variables are the measures 14 The estimates from these models regressing changes in segregation on changes in covariates are identical to those we would obtain from fixed-effects models that include both 1990 and 2000 observations for each metro and a set of metropolitan area fixed effects. We prefer this formulation because it makes clear we are interested in estimating the relationships among changes in segregation and changes in metropolitan area characteristics. 15 We would prefer to include a measure of group-specific foreign born population share (e.g., proportion of Hispanics who are foreign-born in the Hispanicwhite models), but this measure is unavailable in the 1990 STF3 Census files. We do not include foreign-born population share in the black-white segregation models for parsimony, since we have no theoretical expectation that it affects black-white segregation. Nonetheless, models including foreign-born population share (not shown) yield substantively identical results as those presented here. of micro-(500 m radius) and macro-environment (4 km radius) segregation, respectively. In the third model, the outcome is the macro/micro segregation ratio.
Secular trends in the geographic scale of segregation, 1990-2000
Before examining the coefficients on the covariates in the models in Table 3 , it is useful to look at the extent to which the models explain the observed trends in segregation levels and ratios (reported in Table 1 ). The intercept in these models can be interpreted as the secular trend in segregation levels-it indicates the predicted change in the outcome variable for a metropolitan area in which each of the covariates is unchanged from 1990 to 2000. Table 3 indicates that the models fully explain the observed trends in macro-environment (4000 m radius) segregation. Net of the model covariates, the secular trends in macro-environment segregation are not statistically distinguishable from 0 for any of the three race groups (compare to Table 1, where the Hispanic-white and Asian-white trends in H 4000m were both large and significant). The models are also relatively effective at explaining secular trends in the macro/micro segregation ratio. Changes in the demographic and structural characteristics account for all of the observed trend in Asian-white segregation ratios; most (60%) of the trend in Hispanic-white segregation ratios; and 40% of the trend in Black-white segregation ratios. The models are less effective at explaining the observed trends in micro-environment (500 m radius) segregation (at least for black-and Hispanic-white segregation) however. Given that we included each of the covariates on the basis of hypotheses about their relationship to macro-scale segregation, this is not surprising. Table 3 indicates that the data from our sample are consistent with many, but not all, of our hypotheses regarding the relationships among changes in demographic characteristics and changes in segregation patterns. First, changes in the population of metropolitan areas are positively correlated with changes in the extent to which Hispanic-and Asian-white segregation are due to macro-scale residential patterns (as metropolitan areas grow, an increasing proportion of segregation is due to macro-environment segregation). For Black-white segregation, however, change in population size is negatively correlated with change in micro-scale segregation, but not significantly correlated with change in macro-scale segregation or the segregation ratio.
Correlates of changes in segregation
Of more interest are the associations between changes in the population share of a group and that group's segregation from whites. For all three groups, increases in group population share are positively associated with increases in macro-scale segregation and in the proportion of segregation due to macro-scale segregation. Moreover, although changes in group proportions are also positively associated with Hispanic-and Asian-white micro-segregation, additional analyses (not shown) indicate that this is entirely due to their association with macro-segregation. Changes in group proportions are uncorrelated with the component of change in micro-segregation that is not due to macro-segregation. 16 Net of changes in the Hispanic population share, increases in the percentage of foreign-born residents in a metropolitan area are associated with increases in Hispanic-white micro-environment segregation, but not macro-environment segrega- 16 Specifically, in additional analyses, we decompose H 500m into a component due to macro-scale segregation (H 4000m ) and a residual component due only to the extent of variation in racial composition over short distances (H 500m ÀH 4000m ). When we fit regression models like those in Table 3 using this latter component as the outcome, the coefficients on the proportion Hispanic and Asian variables are small (0.011 and 0.029, respectively) and non-significant. See Lee et al., (2008) for a similar analytic approach.
tion. This leads to a decrease in the proportion of segregation that is due to macro-scale segregation. San Francisco, for example, experienced larger than average increases in the percent foreign-born from 1990 to 2000, and experienced larger increases in Hispanic-white micro-scale segregation (H 500 ) than macro-scale segregation (H 4000 ), and thus small declines in the Hispanic-white macro-micro segregation ratio. These patterns are consistent with an immigration-driven increase in the presence of small, localized 'enclave' neighborhoods of Hispanics. There is no such pattern evident for Asian-white segregation, though it is important to note that our measure of the foreign-born percent of the population does not distinguish among Hispanic and Asian immigrants. Given the larger number of Hispanic than Asian immigrants in many areas, any Asian immigrant effect may be masked by the confounding of immigrant groups.
One pattern that does not fully match our hypotheses is the relationship between changes in income ratios and changes in segregation patterns. Recall that we hypothesized that changes in income ratios would be negatively correlated with changes in macro-scale segregation (as minority groups' income grows, segregation due to large-scale 'ghettos' declines, and vice versa). This hypothesis appears valid for black-white segregation, where increases in Black-white income ratios are associated with decreases in macro-scale segregation and corresponding decreases in the Black-white macro/micro segregation ratio. For Hispanic-white segregation, however, declines in Hispanic incomes are associated with decreases in Hispanic-white macro/micro segregation ratios, suggesting that lower Hispanic incomes (recall from Table 2 that Hispanic-white income ratios declined sharply on average in the 1990s) lead to an increase in the formation of small, localized Hispanic enclave neighborhoods. Although more investigation is needed to fully explain these patterns, they suggest on their face that low-income Black households are concentrated in large, racially identifiable ghettos, while low-income Hispanic households tend to be concentrated in smaller ethnic enclaves.
The final set of covariates in the models address the relationship between suburbanization patterns and segregation. Here we find that changes in the Hispanic-white suburbanization ratio are negatively correlated with changes in both micro-and macro-segregation. Since Hispanic-white suburbanization ratios generally declined in the 1990s (because Hispanic suburbanization generally grew more slowly than white suburbanization), this implies that Hispanic-white macro-segregation grew faster in metropolitan areas with the sharpest declines in the relative suburbanization of their Hispanic populations. Moreover, the increasing concentration of Hispanics in central cities is associated with larger macro/micro segregation ratios-Hispanic-white segregation is increasingly due to macro-scale patterns as the suburbanization ratio for Hispanics declines.
We find, however, no association between changes in suburbanization ratios and black-white or Asian-white segregation. Asian-white suburbanization ratios changed little in the 1990s, which likely explains the lack of a significant association between the two in the Asian-white models. Blacks, however, were the least suburbanized of the three minority groups in 1990 and experienced the largest increases in relative suburbanization rates ( Table 2 ). The absence of an association between changes in black-white suburbanization and segregation suggests that black suburbanization is concentrated in inner-ring suburbs near large black central city population concentrations.
Discussion
Our results indicate that the most consistent trend in segregation patterns during the 1990s is the increasing dominance of macro-scale segregation patterns for all three racial contrasts we examined. This pattern is evident in nearly 90% of the metropolitan areas and racial contrasts in our sample. Equally important, however, is the evidence that the explanations for this common pattern appears to differ for black-white segregation from Hispanic-and Asian-white segregation.
The increases in Hispanic-white and Asian-white segregation are driven primarily by increases in macro-scale segregation. In terms of our earlier examples, Hispanic-and Asian-white segregation trends correspond to changes from patterns like those in region C to those in region A (e.g., less like black-white patterns in Pittsburgh and more like those in New York). These changes result from an increase in the concentration of Hispanic and Asian populations in large subregions of metropolitan areas. Moreover, our regression results suggest that macro-scale segregation grew most rapidly in metropolitan areas with rapidly growing Hispanic or Asian populations, and where suburbanization rates grew more slowly than average. Together, these findings suggest that the recent patterns of Asian-white and Hispanic-white segregation are driven largely by the rapid growth of Hispanic and Asian populations in central cities.
Much of the growth of the Hispanic and Asian populations, of course, is driven by immigration. In addition, we find a significant positive association between changes in the proportion of immigrants in a metropolitan area and micro-scale Hispanic-white segregation patterns, net of the association between growth in the Hispanic and Asian population and segregation. Rapid growth of immigrant populations appears to lead to increasing micro-scale segregation, likely through the formation and expansion of small, localized ethnic enclave communities. These results are consistent with chain migration. If Hispanic immigrants are drawn to enclaves based upon familial ties, cultural preferences, and labor networks, then it stands to reason this would result in increasing micro-segregation. In this sense, immigrant settlement is spatially selective. Our results suggest that, all else unchanged, metropolitan areas with high rates of foreign immigration have stable patterns of macro-scale segregation but increases in micro-scale segregation (similar to a change from the pattern in Region B to that in Region A in Fig. 1) , a trend very different from the observed average trend in Hispanic-white segregation (Table 1) .
In contrast to the trends in Hispanic-and Asian segregation, black-white segregation declined at the micro-scale but not at the macro-scale. To return to our earlier examples, this suggests that white-black segregation has come to resemble the Los Angeles pattern more than the New York pattern (segregation patterns increasingly resemble stylized region B rather than A, in terms of Figs. 1 and 2 ). Declines in black-white segregation observed in tract-level analyses have resulted from local processes of residential integration (nearby neighborhoods became more racially similar to one another during the 1990s) rather than from any large-scale redistribution of black and white populations. Moreover, our results confirm the existence of trends suggested in other research documenting the decline in black-white tract-level (micro-) segregation since the 1970s coupled with the persistence of larger-scale segregation (Fischer et al., 2004; Massey and Hajnal, 1995) . Our definitions of scale, however, are more precisely defined than in this prior work, since they do not depend on municipal or tract boundaries, and our sample of metropolitan areas is much larger.
Our regression results indicate that the declines in black-white micro-scale segregation are driven largely by the combination of increasing black population shares (which leads to greater macro-scale, but not micro-scale segregation) and increasing black-white income parity (which leads to declining macro-and micro-scale segregation). These effects offset each other, on average, for macro-scale segregation, but not for micro-scale segregation. Moreover, there is a secular trend toward declining micro-scale black-white segregation that is not fully accounted for by our model. While there are a variety of potential explanations for this trend-changes in residential and neighbor preferences, changes in real estate and lending practices-they are beyond the scope of this paper to investigate.
The implications of changes in segregation for social outcomes
Our goal in this paper has been to describe the patterns of change in the geographic scale of racial segregation. Issues of scale are important not merely in describing patterns of segregation, however, but in understanding both the causes and consequences of segregation. The causes of large-scale segregation may be quite different from those of small-scale segregation. For example, factors such as the spatial location of public amenities that draw primarily on pedestrian traffic and local residents (e.g., elementary schools, playgrounds, storefront shopping areas, etc.), and the nature of street networks (Grannis, 1998) may play a role in shaping small-scale segregation patterns. Likewise families' racial composition preferences for their immediate and more distant neighbors may affect residential patterns at a range of scales. Farley and colleagues document increasing preferences for racial heterogeneity among one's immediate neighbors (micro-neighborhood preferences) in a study conducted in Detroit in 1976 and 1992. Such changes might account for some of the secular trend in micro-segregation patterns not explained by our models, though it is not clear whether this increase is general to all race groups and all metropolitan areas; nor is it clear whether the trend has continued through the 1990s .
In contrast, large-scale segregation patterns, such as those observed in cities like Chicago, Detroit, and Atlanta, might be caused more by structural and demographic characteristics (as we discuss above), labor markets and other economic features of regions, jurisdictional structures (e.g., municipalities, school districts, service districts), racial income inequality, housing segregation (Yinger, 1995) , and residual historical settlement patterns (Massey and Denton, 1993) . Institutional factors, such as housing and lending markets, may also play a role in shaping both macro-and micro-scale segregation. A study by HUD found that although black and Hispanic applicants were treated differently, on average, by real estate agents than were white applicants, such discriminatory practices declined from 1989 to 2000, at least with regard to black and Hispanic home seekers (Ross and Turner, 2005) . Hispanic renters, however, continued to face discrimination in the rental market. Such constraints on Hispanic access to rental units could help maintain or exacerbate Hispanic macro-segregation in areas experiencing high levels of Hispanic growth. Moreover, the reduction in housing discrimination for home seekers might differentially affect micro-and macro-segregation if, for example, it meant that real estate agents were more likely in 2000 than in 1990 to show homes to their clients (of any race) in transitional or border neighborhoods, but were no more likely to show homes whose surrounding macro-environments were racially dissimilar from their clients.
Just as the causes of segregation may differ by geographic scale, so too may the consequences of segregation depend on the scale of segregation patterns. Local segregation is likely to affect pedestrian contact patterns, for example. Large-scale segregation, however, may be more likely to affect the spatial distribution of economic, institutional, and political resources. Moreover, some recent research suggests that the effects of racial composition on crime and social disorder vary with geographic scale (Hipp, 2007) . Likewise, Firebaugh and Schroeder (2007) , in a study of the associations between neighborhood income distribution and individuals' self-rated happiness, find that happiness is greatest for individuals living in wealthy neighborhoods (block groups in their study) in low-income regions (counties). This finding supports our contention that there is no single 'right' geographic scale at which to measure context and segregation, and that the effects of context/neighborhood may depend on geographic scale.
One area where the geographic scale of segregation is likely to matter considerably is in the relationship between residential and school segregation. In the presence of high levels of macro-scale residential segregation, school districts (and courts) are likely to be much more limited in their ability to ameliorate residential segregation patterns (through school assignment policies, strategic delineation of attendance zone boundaries, or school choice policies) than when residential segregation patterns are due primarily to variation in racial composition over short distances. This will be particularly true when macro-scale residential segregation patterns are associated with segregation between school districts, since individual school district policies cannot affect between-district school segregation patterns (at least in the short term).
In addition, the consequences of segregation may depend differently on scale for different populations. For young children, who might stay relatively close to home in the course of a day (attending local child care, preschool, or elementary schools), patterns of local segregation are likely to be most influential. For adults, in contrast, who are more mobile, largescale segregation patterns linked to employment opportunities and social and institutional resources may be more relevant. Thus, the increasing role of macro-scale segregation patterns in shaping micro-scale patterns has potentially important implications for the effects of reductions in residential segregation.
Appendix A. Computation of spatial segregation indices
This approach to measuring spatial segregation requires two types of information: (1) an estimate of the population density of each group at each point in space; and (2) a measure of the spatial proximity between all pairs of points in a region R. 17 In practice, we base our calculations here on estimates of race-specific population densities in a finite grid of 50-by-50 meter cells. In order to estimate the population density of each racial group at each grid point in a region, we proceed as follows.
We superimpose a grid of 50-by-50 meter cells on the census block map. We then estimate population counts by race group for each cell in the grid by calculating population densities per unit area for each race group in each block, and assigning an estimated population count for each race group to each 50-by-50 meter cell. We assign estimated population counts to cells on the boundaries of blocks based on the population densities of the block in which the greater part of the cell falls. These steps yield a grid of population counts by race group but with abrupt changes in the counts at block boundaries. Next, to arrive at a more realistic representation of the population distribution, we smooth the population grid using pycnophylactic ('mass preserving') smoothing (Tobler, 1979) . This procedure iteratively re-estimates the counts in each grid cell by assigning to each cell the average population count of the cell and its eight neighbors, while readjusting the population counts in cells so that the known total counts in blocks are honored. The smoothing procedure is repeated until the average change in the populations assigned to cells changes between successive iterations by no more than 0.01% of the variance in the cell population counts. We apply the smoothing procedure to grid cell counts for each race group separately so that race group counts as well as total population counts within blocks are preserved. The result of this procedure is an estimate of the population count and density for each race group in each grid cell in the region. These density estimates form the basis for the calculations of the spatial information theory index.
